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In this comprehensive discussion, the authors tell how

to detect oxidative rancidity and make stability tests.

They also describe antioxidants and outline their use for

increasing the stability of fats and fatty foods

REVENTION of rancidity is

of great economic importance,

not only in foods consisting princi-
pally of fat, such as lard and salad
oils, but also in a large number of
foods containing smaller propor-
tions of fat. Among the latter are
biscuit and pastry mixes, crackers,
potato chips, dried milk and dried
eggs, cereals and flours. Recogni-
tion of the vital importance of fats,
oils and fatty foods in world econ-
omy has aroused interest in means
for delaying or preventing rancidity
in these materials.

Many different types of fat spoil-
age have been described in the lit-

erature.t The most important, how-
ever, are attributed to oxidation of
the fat by atmospheric oxygen and
may be referred to as oxidative ran-
cidity. Air dissolved ‘in the fat or

"in contact with its surfaces reacts

with it, forming unstable oxygen-
ated compounds. These compounds,
which are peroxidic, undergo fur-
ther oxidation and decomposition
into the substances that are chiefly
responsible for rancid odor and
flavor. )

 Methods for detecting rancidity

‘and for determining the stability or

resistance of the product to oxida-
tion, and a discussion of means for

barcroft-Warburg apparatus used in the oxygen absorption rethod for measuring fat

stability.

delaying or preventing these unde-
sirable changes, form the basis of
this paper. The term rancidity as
used here refers only to oxidative
rancidity, unless otherwise qualified.
Emphasis is placed primarily on
fats and oils rather than on in-
numerable products containing fat,
because to a large extent, the sta-
bility of these products to oxidative
rancidity depends upon the stability
of the fat contained in them.

Detection of Rancidity

The complex chemical ghanges ‘
involved in the oxidative dcii?%ﬁia"ora"

tion of fats are not completely un-
derstood. Moreover, the nature of
these oxidative changes may vary
considerably from one substrate to
another, particularly under variable
conditions of exposure to heat, air
and light, thus giving rise not only
to different proportions of the de-
composition products but, in some
cases, to entirely different products.
Despite the complexity of the oxi-
dative reaction and the multiplicity
of reaction products, the typical
odor and flavor of rancidity seem
10 be definitely associated with the
presence of aldehydic substances,
and some of the chemical methods
for the detection of rancidity are
in reality aimed at qualitative or
quantitative estimation of this class
of compounds.

Ability of individuals to detect
the typically unpleasant odor or
taste characteristic of rancid sub-
stances may vary considerably ; even
the same person may vary in this
respect from time to time. More-
over, these qualities do not lenc¥
themselves readily to either qualita-
tive or quantitative description. For
these reasons, much effort has beenl
devoted to the development of
chemical tests' for detecting rancid-
ity, and although none of the tests
proposed to date correlate as well
as 1s desirable with actual organo-
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leptic tests, the use of one or more
of them for eonfirmatory purposes
is recommended.

Organoleptic tests for odor and
flavor are considered to be the most
important and reliable means of de-
tecting rancidity, even though nu-
merous chemical tests have been
proposed. Suggestions helpful in
the selection of individuals who are
above average in sensitivity to odors
and flavors have been reported.*?
For practical reasons, it may be nec-
essary to limit the number of indi-
viduals on the tasting panel to three,
and preferably to those who have ac-
quired considerable experience and
interest in rancidity problems. Cer-
tain factors, such as temperature of
the sample, limitation on time to
avoid sensory fatigue, and environ-
mental conditions, should be stand-
ardized insofar as possible.

Chemical methods for detecting
rancidity have been reviewed exten-
sively by Lea.r Only a few of the
more widely used methods will be
discussed here. The Kreis test con-
sists of treating the sample of fat
with concentrated hydrochloric acid
and a solution of phloroglucinol. A
positive reaction depends upon the
presence in the fat of epihydrin
aldehyde, its acetal or precursors of
this aldehyde. The red color formed
in the reaction is attributed to a con-
densation product of epihydrin alde-
hyde with phloroglucinol. Quantita-
tive measurements of this color may
be made by comparing it with Lovi-
bond glass color standards* or by the
use of a photometer.® It has been
shown that during the induction pe-
riod (prerancid period) the develop-
ment of color, shown by the Kreis
test, parallels the development of fat
peroxides. This suggests the possibil-
ity that the hydrochloric acid used
in the test may react with the fat
peroxides to form compounds of
similar character to epihydrin alde-
hyde. Certain crude vegetable oils,
even when fresh, contain interfering
substances which give a red color
with phloroglucinol. This limita-
tion is not serious, however, since
refined oils and animal fats are more
likely to require examination, and
these do not contain the reacting
substances. In our experience,
every rancid fat has given a posi-
tive Kreis reaction. For most sat-
isfactory application of the test, it
should be calibrated against odor
and flavor under the particular set
of conditions of aging and on each
type of fat. In this way, a definite
color intensity may be established
to serve as an indication of ran-
cidity.

Swift stability apparatus used in the active oxygen method for measuring fat stability.

The peroxide value® also has been
used extensively as a guide in the
detection of rancidity. Like the
Kreis color, the peroxide value
should be calibrated against odor
and flavor for the particular type of
fat and set of conditions. Thus a
peroxide value of 20 milliequiva-
lents ordinarily is a satisfactory “end
point” for lard, provided the sam-
ple has been under observation dur-
ing the fresh stage. The peroxide
value, however, should not be relied
upon for the detection of rancidity
in miscellaneous samples of unknown
history and treatment ; for example,
the distinctive flavor and odor caused
by exposure of fats to light, even
diffuse daylight, does not seem to be
correlated with the peroxide value.

The Schiff reaction for aldehydes’
and modified Schiff test® may also be
used to supplement other chemical
and organoleptic evaluation of fats.
They are also subject to the same
limitations as the peroxide value and
the Kreis test. None of these chem-
ical tests should be made the only
criterion of rancidity, but they are
helpful in confirming the organolep-
tic judgments.

In certain products—for example,
cereals, flours and crackers—it may
he necessary to extract the fat from
the sample with a solvent before car-
rying out chemical tests for rancid-
ity. Anhydrous peroxide-free ethyl
ether is reasonably satisfactory for
this purpose, provided proper pre-
cautions are taken to avoid undue
exposure of the fat to heat and air.
Cold extraction and removal of the

solvent under reduced pressure is
desirable.

. Stability Tests

More important to industry than
merely the detection of rancidity
are means of determining the sta-
bilitv of fats and fatty products.
To avoid confusion of terminology,
in this paper stability is defined as
resistance to oxidative rancidity and
may be expressed as the time re-
quired under specified conditions for
the fat or fatty product to become
rancid in odor or flavor. Tt is often
impracticable. however, to deter-
mine the stability under actual con-
ditions of commercial storage and
merchandising because of the long
time required in many instances for
rancidity to develop. Moreover,
these actual conditions — tempera-
ture, moisture, exposure to light and
type of package—usually are vari-
able. For these reasons a great deal
of effort has been expended in at-
tempts to devise rapid methods for
determining stability. In these meth-
ods, the conditions of accelerated
aging should be reproducible and
permit relative stability evaluations,
often within a working dav.

Probably the simplest of the com-
monly used rapid stability determi-
nations consist of heating the sam-
ple in a hot-air oven and examining
it at intervals for rancid odor and
flavor. With careful attention to
standardization of conditions, fair
reproducibility of results can be ob-
tained. In different laboratories,
however, results often are not com-



parable because of lack of uniform-
ity of the ovens, containers and
sample sizes employed for this pur-
pose and also because of rather large
personal errors involved. The per-
sonal error may be diminished by
using a chemical method, such as
the peroxide value, to indicate the
end point of the induction. The
specific conditions for this method
known as the Schaal oven test are
perhaps the most commonly em-
ployed, although for the more sta-
ble shortenings the test often re-
quires a month or more.® This time
can be greatly shortened by using
smaller samples or larger vessels,
thereby increasing surface exposure
to air, and also by raising the tem-
perature, though the results obtained
under the more drastic conditions
probably will show less correlation
with actual storage data. Oven in-
cubation is particularly adaptable for
determining the stability of fat-con-
taining products such as pastry,
crackers, cookies, cereals and flours.

Another rapid method, commonly
referred to as the Swift stability
test,’® has been used extensively, at
least in this country. A uniform flow
of washed air is bubbled through
the sample, which is maintained at
constant temperature by means of
a boiling-water bath. ‘The progress
of oxidation is followed by periodic
organoleptic tests and determina-
tions of peroxide content. Under
the conditions employed, rancidity
in lard can usually be detected at a
peroxide level of 20 milliequivalents
per kilogram ; this end point may be
considerably different for other
types of fats and oils. It is con-
venient to express the stability as
the time required for the fat to
attain the predetermined peroxide
level. Several recent improvements
in the apparatus and modifications
of the procedure have been pro-
posed.'’ 2 This method has advan-
tages over oven incubation. The
sample can be maintained at a uni-
form and reproducible temperature;
and the air and liquid fat are in
equilibrium owing to saturation of
the fat by continuous stirring with
air, thus making reproducibility less
dependent upon exactness of the
ratio of surface exposed to the
weight of the sample.

Measurement of oxygen absorp-
tion of fats as a means of determin-
ing their comparative stabilities is
preferred by some investigators.
For this purpose, the apparatus
need not be complex. Simple types
such as have been described!®- %1%
seem to be adequate. For compari-
son of results between different lab-

oratories, however, it would be-ais-
advantageous to have an accepted
standard apparatus and procedure.
The particular oxygen-absorption
apparatus and procedure - used
should be calibrated for each type
of fat or product in order to estab-
lish a satisfactory end point for the
induction period. The time required
for the sample to absorb a prees-
tablished amount of oxygen per unit
weight of sample is taken as the
stability. One disadvantage of the
oxygen-absorption method 'is that
organoleptic tests cannot readily be
made at intervals during the period
of oxygen absorption without inter-
fering with the manometric meas-
urements. Oxygen-absorption tech-
nics have been used to determine
the stability of certain dry fat-con-
taining products, such as dried
milk*® and crackers.!®

A number of other rapid methods
for determining stability have been
proposed but have not been used
extensively, either because they are
too complicated to be practicable or
because they have not been thor-
oughly investigated. One fault in
common with even the generally ac-
cepted methods is that they give
only relative values under the em-
pirical conditions of the test and
may not bear a constant relation-
ship to values obtained under other
conditions, such as storage. Despite
these inadequacies, however, meth-
ods for determining stability are
valuable to industry as a guide in
improving plant processes, in evalu-
ating antioxidants and in maintain-
ing standards of quality.

Increasing Stability

There are several practical ap-
proaches to the problem of delaying
or preventing oxidative rancidity.
Proper choice of raw materials and
careful attention to processing con-
ditions, with a view to eliminating
or reducing exposure to air, light,
excessive temperatures and contam-
ination, particularly by metals,
should be stressed as of first order
in importance. Partial hydrogena-
tion of products which are essen-
tially pure fats almost invariably
increase their stability, Packaging
the finished product in such a man-
ner as to exclude air and light will,
of course, afford a considerable
measure of protection.

Often, however, greater stability
than can be obtained within the
practical limitations of these meth-
ods will be desirable or necessary.
In such cases antioxidants may be
used. In fact, in many cases the
use of antioxidants appears to offer

the greatest hope of a solution of
the economic problem of oxidative
rancidity. In addition to being rea

sonably effective in delaying rancid--
ification, an antioxidant for foods
should possess a number of proper-
ties, which may be outlined briefly
as follows:

It must have neither acute nor
chronic toxicity in quantities con-
siderably greater than those likely
to be used, even when ingested over
long periods of time.

It should have at least sufficient
solubility in fat to facilitate its use;
appreciable solubility will usually be
advantageous.

It should not impart any objec-
tionable odor, color or taste to the
product either when freshly pre-
pared or after storage.

It should be stable to whatever
processing conditions the food in
which it is used will be subsequently
subjected.

It should be relatively inexpen-
sive and available, or at least poten-
tially available, in relatively large
quantities.

Despite this imposing list of re-
quirements, considerable progress
has been made in this field. The
granting of permission by the Meat
Inspection Division of the War
Food ' Administration to use four
different antioxidant substances in
lard, provided suitable declaration
is made on the label, may be taken
as an indication of this progress.
These antioxidants are gum guaiac,
lecithin, a concentrate of tocopherols
in vegetable oils, and nordihydro-
guaiaretic acid (N.D.G.A.) The
importance of these materials war-
rants a brief description of each.

Gum Guaiac—Gum guaiac, the
resin from an evergreen tree in-
digenous to the West Indies, is
chiefly produced in eastern Haiti.
It is relatively inexpensive. The use
of gum guaiac as an antioxidant in
fats and oils was first disclosed in
a patent!” assigned to Swift & Co.
It contains complex phenolic con-
stituents, for example, guaiaretic
acid, and presumably its action as
an antioxidant is due to one or more
of these substances. As might be
expected from its chemical nature,
it is an effective antioxidant and has
been used commercially. The pro-
tective effect of gum guaiac is re-
ported to carry over into baked

" goods such as piecrust and crackers.

Lecithin—With the development
of the soybean processing industry
in this country, large quantities of
“commercial lecithin” became avail-
able at reasonable prices. Because
of its wide occurrence in many



foods, there is no question about
the edibility of lecithin. Because of
its protective and emulsifying prop-
erties, it has been added to foods
for a considerable period of time.
When evaluated by any of the ac-
celerated stability tests discussed
previously, lecithin usually is less
effective than many of the other
antioxidants, particularly those of
the phenolic type. Too little infor-
mation is available to say whether
lecithin is less effective under actual
storage conditions. When used in
conjunction with tocopherol or poly-
phenolic antioxidants, lecithin fre-
quently enhances the stability be-
yond expected values. A disadvan-
tage of lecithin in shortening fats
is its tendency under certain con-
ditions to cause darkening and
foaming, particularly when used for
deep-fat frying.

Concentrate of Tocopherol/s in
Vegetable Oils—A preparation con-
sisting of 30 percent concentration
of tocopherols in vegetable oil may
be added as a preservative to lard
and rendered pork fat in quantities
up to 0.1 percent. Tocopherols, of
which there are three, the alpha,
beta and gamma, are probably the
most important naturally occurring
antioxidants in vegetable oils. They
have nutritional significance, par-
ticularly the alpha variety, which is
vitamin E. They are readily solu-
ble in fats and oils and are effective
antioxidant substances, particularly
when used with a partly hydro-
genated substrate or in conjunction
with an acidic-type antioxidant.
Most vegetable oils contain signifi-
cant amounts of tocopherols, and as
a result have greater stability than
animal fats of similar iodine value.
Further addition of tocopherol to
vegetable products usually results in
only small increases in stability.

Insofar as we are aware, such a
concentrate is prepared commer-
cially at present only by the appli-
cation of a molecular distillation
process to tocopherol-bearing oils.
Work recently reported from the
Southern Regional Research La-
boratory!® indicates that such con-
centrates can be prepared by low
temperature crystallization technics.

Nordihydroguaiaretic Acid
(N. D. G. A.)—This phenolic sub-
stance and its antioxidant action has
been discussed by Lundberg, Hal-
vorson and Burr.?® These investi-
gators have stated that it is readily
obtained in substantial yield from
Larrea divaricata (one of several
plants known as creosote bush) and
that it compares favorably with oth-
er highly effective inhibitors of the

phenolic type. They further re-
port that the protective effect is to
some extent carried over into baked
products.

Other Antioxidants — Many an-
tioxidants, in addition to those ap-
proved by the Meat Inspection Di-
vision, have been disclosed in the
literature. A few that have at-
tracted considerable attention will
be discussed briefly. In general, the
polyphenolic compounds that have
hydroxyl groups in ortho or para
relation to each other are most ef-
fective; as examples may be men-
tioned hydroquinone, 1,2,4-hydroxy-
hydroquinone, gallic acid and its
esters, pyrogallol, catechol and di-
hydroxynaphthalenes. It is hardly
possible to give an accurate compar-
ison of the relative effectiveness of
these antioxidants because there is
no suitable basis at present for a
quantitative interpretation of results
reported by different investigators.
It should be emphasized, moreover.
that much more practical work is
required before any conclusions can
be drawn as to the suitability of
these compounds as antioxidants
for edible products.

Mention has previously been
made of a 30 percent concentrate of
tocopherols in vegetable oil. It has
been shown also that a substantial
increase in stability of animal fats,
such as lard, can be achieved with-
out necessitating any costly isola-
tion or concentration of the toco-
pherols, merely by the addition of
about 5 to 10 percent of tocopherol-
bearing oils or their hydrogenated
products. Synthesized compounds
similar to tocopherol, hydroxychro-
mans and related compounds have
been found to be effective antioxi-
dants.2°

Another class of compounds, at
times referred to as acidic antioxi-
dants, has aroused considerable in-
terest in recent years. Among the
better known of these may be men-
tioned phosphoric acid and some of
its esters, ascorbic acid, fatty acid
monoesters of ascorbic and iso-as-
corbic acids, citric and tartaric
acids, and many other hydroxy car-
boxylic acids. When added to sub-
stances containing tocopherol or an
antioxidant of the polyphenolic type,
these acidic substances seem to en-
hance or reinforce the antioxygenic
action, with the result that greater
increases in stability, as determined
by the usual rapid tests, are ob-
tained than would be expected from
a summation of the effects of each
used alone. As would be expected,
such synergists usually are espe-

cially effective when added to the
tocopherol-bearing vegetable oils or
their hydrogenated products. There
seems to be some question as to
whether these acidic substances
should be considered as antioxi-
dants, because they show little or
no protective effect when added to
fat or fat esters that have been
treated to remove natural antioxi-
dants normally present. Hence, the
term synergist may be more prop-
erly applied. It has not been de-
termined whether this synergistic
effect, noted in rapid tests, has real
significance under actual storage
conditions or whether this apparent
protective effect carries over into
baked goods. Many of these com-
pounds undergo decomposition at
high temperatures, particularly at
deep-fat frying temperatures, and
cause darkening of the fat.

The use of special flour, or of an
extract of cereal flours, may have
advantages, particularly in certain
foods. It has been suggested for
example, that the flour may be in-
corporated with fat to be used as
shortening for baked goods or
added directly to such products as
margarine, ice cream and salad
dressings. It is claimed also that
parchment paper into which such
flour has been incorporated retards
the development of rancidity when
used for wrapping fatty foods.

It should be emphasized that even
the best antioxidant should not be
regarded as a cure-all. It will not
make a poor product into a good
one nor will it cover up the effects
of mishandling and careless process-
ing. The amount or proportion of
antioxidant to use in a given prod-
uct is important. If too much is
used, off-flavors and odors may fre-
quently be detected long before the
characteristic rancidity develops.
The amount of antioxidant used
should be the minimum needed for
a reasonable storage or shelf life
of the product. Progress in the
practical solution of the problem of
rancidity in any product will un-
doubtedly result from continued re-
search on processing technology, on
application of antioxidants and on
packaging.
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